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© CATALYST FOR POLYMERIZING -g(»)-OLERN AND POLYMERIZATION PROCESS. 

© The catalyst for polymerizing a-olefin comprises a com- 
ponent of a carrier having provided thereon a transition metal 

< compound and an aluminoxane. The carrier is one having 
been treated with an organometallic compound, a halogen- 
containing silicon compound or an aluminoxane or en olefin 
*J* prepolymer prepared by using these two components. The 
g catalyst enables production of a spherical polymer having 
good particle size distribution and excellent bulk density 
0^ when employed in slurry polymerization process or gas 
^ phase polymerisation process, particularly in the latter pro- 
^ cess. In addition, the catalyst provides a polymer having a 
narrow molecular weight distribution and, when applied to 
© copolymerization of two or more olefins, it shows such an 
excellent polymerization activity that it provides an olefin 
& copolymer having a narrow molecular weight distribution 
UJ and a narrow composition distribution. 
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SPECIFICATION 

CATALYST FOR POLYMERIZING ALPHA-OLEFINS AND 
PROCESS FOR POLYMERIZATION 

TECHNOLOGICAL FIELD 
This invention relates to a catalyst for poly- 
merization of alpha-olef ins, and to a polymerization 
process. More specifically, it relates to a catalyst for 
polymerization of alpha-olef ins which by a slurry poly- 
merization method or a vapor-phase polymerization method, 
particularly the latter, can give a spherical polymer 
having a good particle size distribution and an excellent 
bulk density, and to a polymerization process using the 
aforesaid catalyst. Furthermore, it relates to a cata- 
lyst for polymerization of alpha-olef ins which when 
applied to the copolymerization of at least two olefins, 
exhibits high polymerization activity and gives an olefin 
copolymer having a narrow molecular weight distribution 
and a narrow composition distribution, and to a polymer- 
ization process using the catalyst. 

BACKGROUND TECHNOLOGY 
For the production of an alpha-olef in polymer, 
particularly an ethylene polymer or an ethylene/alpha- 
olfein copolymer, methods have previously been known in 
which ethylene is polymerized, or ethylene and an alpha- 
olefin are copolymerized, in the presence of a titanium- 
containing catalsyt comprising a titanium compound and an 
organoaluminum compound or a vanadium-containing catalyst 
comprising a vanadium compound and an organoaluminum 
compound. 

On the other hand, catalysts comprising a 
zirconium compound and an aluminoxane have been proposed 
recently as a new type of Ziegler catalyst for olefin 
polymerization. 

Japanese Laid-Open Patent Publication No. 
19309/1983 discloses a process which comprises polymeriz- 
ing ethylene and at least one alpha-olefin having 3 to 12 
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carbon atoms at a temperature of -50 °c to 200 °C in 
the presence of a catalyst composed of a transition 
metal-containing catalyst represented by the following 
formula 

5 (cyclopentadienyl) jMeR^al 

wherein R* represents cyclopentadienyl, C 2~ C 8 
alkyl or halogen. Me represents a transition 
metal, and Hal represents halogen, 
with a linear aluminoxane represented by the following 
10 formula 

Al o 0R 2 A <Al(R 2 )-0) 
2 4 n 

2 

wherein R represents methyl or ethyl, and 
n is a number of 4 to 20, 
or a cyclic aluminoxane represented by the following 
15 formula 


4Al(R 2 )-0* 


n+2 
o 

wherein R and n are as defined above* 
This patent document states that in order to 
adjust the density of the resulting polyethylene, 
20 ethylene should be polymerized in the presence of a small 
amount (up to 10 % by weight) of a slightly long-chain 
alpha-olefin or a mixture thereof. 

Japanese Laid-Open Patennt Publication No. 
. 95292/19 84 describes an invention relating to a process 
25 for producing a liear aluminoxane represented by the 
following formula 
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wherein n is 2 to 40 and R 3 is (^-Cg alkyl, 
and a cyclic aluminoxane represented by the following 
formula 



Al-O/ n+2 


10 


wherein n and R are as defined above. 
This Publication states that when an olefin ie polymer- 
ized using a mixture of methylaluminoxane produced by the 
above process with a bis(cyclopentadienyl) compound of 
titanium or zirconium, polyethylene is obtained in an 
amount of at least 25 million grams per gran of the 
transition metal per hour. 

Japanese Laid-Open Patent Publication No. 
35005/1985 discloses a process for producing a catalyst 
for polymerization of olefins, which comprises reacting 
15 an aluminoxane compound represented by the following 
formula 

>l-04Al-0+-Al 
R° V 

wherein^R 4 represents C^-C^ alkyl , and 
R is R or is bonded to represent -o- r 
20 with a magnesium compound, then chlorinating the reaction 
product, and treating the chlorinated product with a 
compound of Ti, v, Zr or Cr. The above Publication 
describes that the above catalyst is especially suitable 
for the copolymerization of ethylene with a C -c 
25 alpha-olefin mixture. 3 12 
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Japanese Laid-Open Patent Publication No. 
35006/1985 discloses a combination of (a) a mono-, di- 
or tri-pentadienyl compound of at least two dissimilar 
transition metals or its derivative with (b) alumoxane 
(aluminoxane) as a catalyst system for polymers blended 
in a reactor. Example 1 of this Publication discloses 
that polyethylene having a number average molecular 
weight of 15,300 and a weight average molecular weight of 
36,400 and containing 3.4 % of a propylene component was 
obtained by polymerizing ethylene and propylene using 
bis(pentamethylcyclopentadienyl) dimethyl zirconium and 
alumoxane as a catalyst. In Example 2 of this Publi- 
cation, a blend consisting of polyethylene and an 
ethylene/propylene copolymer and having a number average 
molecular weight of 2,000, a weight average molecular 
weight of 8,300 and a propylene component content of 7.1 
mole % and consisting of a toluene-soluble portion having 
a number average molecular weight of 2,200, a weight 
average molecular weight of 11,900 and a propylene com- 
ponent content of 30 mole % and a toluene- insoluble 
portion having a number average molecular weight of 
3,000, a weight average molecular weight of 7,400 and a 
propylene component content of 4.8 mole % was obtained by 
polymerizing ethylene and propylene using bis(penta- 
methylcyclopentadieneyl) zirconium dichloride, bis(methyl- 
cyclopentadienyl) zirconium dichloride and alumoxane as a 
catalyst. Likewise, Example 3 of this Publication de- 
scribes a blend of LLDPE and an ethylene/propylene co- 
polymer composed of a soluble portion having a molecular 
weight distribution (Mw/Mn) of 4.57 and a propylene 
component content of 20.6 mole % and an insoluble portion 
having a molecular weight distribution of 3.04 and a 
propylene component content of 2.9 mole %. 

Japanes Laid-Open Patent Publication No. 
35007/1985 describes a process which comprises poly- 
merizing ethylene alone or with an alpha-olefin having 
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at least 3 carbon atoms in the presence of a catalyst 
system comprising a metallocene and a cyclic alurooxane 
represented by the following formula 


l-CH-l 


. 5 „ 

5 wherein R^ represents an alkyl group having 

1 to 5 carbon atoms, and n is an integer of 
1 to about 20, 

or a linear alumoxane represented by the following formula 


R 5 (-Al-0) AIR* 
• c n 2 

R 

10 wherein R 5 and n are as defined above. 

The Publication describes that the polymer obtained by 
the above process has a weight average molecular weight 
of about 500 to about 1,400,000 and a molecular weight 
distribution of 1.5 to 4.0*. 

15 Japanese Laid-Open Patent Publication No. 

35008/1985 describes that polyethylene or a copolymer of 
ethylene and a C 3 -C 10 alpha-oiefin having a wide 
molecular weight distribution is produced by using a 
catalyst system comprising at least two types of 

20 metalloceries and alumoxane. The Publication states that 
the above copolymer has a molecular weight distribution 
(Hw/fin) of 2 to 50. 

These catalysts formed from transition metal 
compounds and aluminoxanes have much higher polymeriza- 

25 tion activity than the catalyst systems known heretofore. 

On the other hand, methods using catalysts 
formed from solid catalyst components composed of the 
above transition metal compounds supported on porous 
j inorganic oxide carriers such as silica, silica-alumina 

30 a nd alumina and aluminoxanes are proposed in Japanese 
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Laid-Open Patent Publications Nos. 35006/1985, 35007/1985 
and 35008/1985 which are cited above. Japanese Laid-Open 
Patent Publications Nos. 31404/1986, 108610/1986 and 
106808/1985 propose methods using solid catalyst com- 
5 ponents supported on similar porous inorganic oxide 
carriers. 

It is an object of this invention to provide a 
catalyst for polymerizing alpha-olef ins, which has excel- 
lent polymerization activity and gives an ethylene poly- 
10 mer or an ethylene/alpha-olef in copolymer having excel- 
lent powder characteristics and a narrow molecular weight 
distribution or composition distribution, and when 
applied to the copolymerization of at least two olefins, 
gives an olefin copolymer having a narrow molecular 
15 weight distribution and composition distribution. 

Another object of this invention is to provide 
a process for producing an ethylene polymer or an 
ethylene/alpha-olef in copolymer having the aforesaid 
properties by polymerizing or copolyroerizing alpha- 
20 olefins using the catalyst of this invention. 

According to this invention, these objects and 
advantages are firstly achieved by a catalyst for poly- 
merization of alpha-olef ins, said catalyst being formed 
by using a solid catalyst comprising 
25 (A) a solid catalyst component composed of a 

compound of a transition metal of Group 
IVB of the periodic table supported on a 
carrier, and 
(B) an aluminoxane f 
30 in pre-polymerization of an olefin. 

The catalyst of this invention is formed from 
the solid catalyst component (A) and the aluminoxane (B) . 

The catalyst component (A) is a solid catalyst 
component composed of a compound of a transition metal of 
35 Group IVB of the periodic table supported on a carrier. 

The transition metal of Group IVB of the peri- 
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odic table in the catalyst component (A) is preferably 
selected from the group consisting of titanium, zirconium 
and hafnium. Titanium and zirconium are more preferred, 
and zirconium is especially preferred. 
5 The compound of a transition metal of Group IVB 

of the periodic table in the catalyst component (A) 
preferably has a group having a conjugated % electron as 
a ligand. 

Examples of the transition metal compound 
10 having a group with a conjugated % electron as a ligand 
are compounds represented by the following formula (I) 

R k R l R m R n Me ••••• (I) 

wherein R 1 represents a cycloalkadienyl group, R 2 , r 3 and 
R 4 are identical or different and each represents a 

15 cycloalkadienyl group, an aryl group, an alkyl group, a 
cycloalkyl group, an aralkyl group, a halogen atom, a 
hydrogen atom, or a group of the formula -OR a , -SR b or 
-NR^ in which each of R a r R b and R c represents an alkyl 
group, a cycloalkyl group, an aryl group, an aralkyl 

20 group or an organic silyl group, Me represents zirconium, 
titanium or hafnium, k is 1, 2, 3 or 4 , JL, m and n are 
each 0, 1, 2 or 3, and k+&fm+n=4 . 

Examples of the cycloalkadienyl group repre- 
sented by R 1 are a cyclopentadienyl group, a methyl- 

25 cyclopentadienyl group, an ethylcyclopentadienyl group, a 
dimethylcyclopentadienyl group, an indenyl group and a 
tetrahydroindenyl group. Examples of the cycloalkadienyl 
group represented by R 2 , r 3 and R 4 may be the same 
as above. 

30 The aryl group represented by R 2 f r 3 and R 4 is 

preferably a phenyl or tolyl group, for example. 

Likewise, preferred examples of the aralkyl 
group are benzyl and neophile groups. 
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Examples of preferred alkyl groups are methyl, 
ethyl, propyl , isopropyl, butyl, hexyl, octylr 2-ethyl- 
hexyl, decyl and oleyl groups. 

Preferably, the cycloalkyl group may be, for 
5 example, a cyclopentyl, cyclohexyl, cyclooctyl, or 

norbornyl group. 

The halogen atom may be, for example, fluorine, 

chlorine or bromine. 

Specific examples of the groups -OR a , -SR and 
10 -NR^ where R a , R b and R c are alkyl, cycloalkyl, aryl 
and aralkyl will be clear from the above specific ex- 
amples of these groups. 

Examples of the organic silyl group for R , 
R b and R c are trimethylsilyl, triethylsilyl, phenyl- 
15 dimethylsilyl, diphenylmethylsilyl and triphenylsilyl 
groups. 

Examples of zirconium compounds corresponding 
to formula (I) in which Me is zirconium are listed below: 
bis(cyclopentadienyl) zirconium monochloride 

20 monohydride, 

bis(cyclopentadienyl) zirconium monobromide 

monohydride, 

bis(cyclopentadienyl)methylzirconium hydride, 

bis(cyclopentadienyl)ethylzirconium hydride, 
25 bis (cyclopentadienyl) cyclohexylzirconium 

hydride, 

bis (cyclopentadienyl )phenylzirconium hydride, 
bis (cyclopentadienyl) benzylzirconium hydride, 
bis (cyclopentadienyl) neopentylzirconium 

30 hydride, 

bis (roethylcycl opent ad ienyl ) z i rconium mono- 
chloride monohydride, 

bis (indenyl) zirconium monochloride monohydride, 
bis (cyclopentadienyl) zirconium dichlor ide , 
35 bis (cyclopentadienyl) zirconium dibromide, 

bis (cyclopentadienyl) methylzirconium mono- 
chloride, 
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chloride, 
chloride, 

5 

chloride, 
chloride, 
10 chloride, 


- 9 * 

bis(cyclopentadienyl)ethylzrconium mono- 
bis(cyclopentadienyl)cyclohexylzirconium mono- 
bis (cyclopentadienyl) phenylzirconiura mono- 
bis (cyclopentadienyl) benzylzirconium roono- 
bis (methylcyclopentadienyl) zirconium di- 


bis(indenyl) zirconium dichloride, 
bis (indenyl) zirconium dibromide, 
bis (cyclopentadienyl) diphenylzirconium, 
bis(cyclopentadienyl)benzylzirconium, 
15 bis (cyclopentadienyl) methoxyzirconium chloride, 

bis (cyclopentadienyl) ethoxyzirconium chloride, 
bis (cyclopentadienyl) butoxyzirconium chloride, 
bis(cyclopentadienyl)2-ethylhexoxyzirconium 

chloride, 

20 bis (cyclopentadienyl) methylzirconium ethoxide, 

bis (cyclopentadienyl) methylzirconium butoxide, 
bis (cyclopentadienyl) ethylzirconium ethoxide, 
bis (cyclopentadienyl) phenylzirconium ethoxide, 
bis(cyclopentadienyl)benzylzirconium ethoxide, 

25 bis (methylcyclopentadienyl) ethoxyzirconium 

chloride, 

bis (indenyl) ethoxyzirconium chloride, 
bis (cyclopentadienyl) ethoxyzirconium, 
bis (cyclopentadienyl) butoxyzirconium, 
30 bis (cyclopentadienyl) 2-ethylhexoxyzirconium, 

bis(cyclopentadienyl)phenoxyzirconium chloride, 
bis (cyclopentadienyl) cyclohexoxyzirconium 


chloride, 
35 chloride, 
methoxide, 


bis(cyclopentadienyl)phenylmethoxyzirconium 
bis (cyclopentadienyl) methylzirconium phenyl- 
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bis (cyclopentadienyl) trimethylsiloxyzirconium 

chloride, 

bis(cyclopentadienyl)triphenylsiloxyzirconium 

chloride, 

5 bis (cyclopentadienyl) thiophenylzirconium 

chloride, 

bis (cyclopentadienyl) thioethylzirconiura 

chloride, 

bis (cyclopentadienyl)bis (diethylamide)- 

10 zirconium, 

bis (cyclopentadienyl) diethylaraidezirconium 

chloride, 

ethylenebis ( indenyl) ethoxyzirconium chloride , 
ethylenebis (4 ,5 ,6 ,7-tetrahydro-l-indenyl) - 
15 ethoxyzirconium chloride, 

ethylenebis ( indenyl) dimethylzirconium, 
ethylenebis ( indenyl) diethylzirconium, 
ethylenebis ( indenyl) dibenzylzirconium, 
ethylenebis ( indenyl) methylzirconium mono- 

20 bromide, 

ethylenebis ( indenyl ) ethylz irconium mono- 
chloride, 

ethylenebis ( indenyl) benzylzirconium mono- 
chloride, 

25 ethylenebis (indenyl) methylzirconium mono- 

chloride, 

ethylenebis (indenyl) zirconium dichloride, 
ethylenebis ( indenyl) zirconium dibromide , 
ethylenebis (4,5,6, 7-tetrahydro-l-indenyl)- 

30 dimethylzirconium, 

ethylenebis (4 ,5 ,6 ,7-tetrahydro-l-indenyl) - 

methylzirconium monochloride, 

ethylenebis (4, 5, 6, 7-tetrahydro-l-indenyD- 

zirconium dichloride r 
35 ethylenebis (4 ,5 , 6 ,7-tetrahydro-l- indenyl) - 

zirconium dibromide, 
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ethylenebis (4-methyl-l-indenyl) zirconium 
dichloride, 

ethylenebis (5-methyl-l-indenyl) zirconium 
dichloride, 

5 ethylenebis (6-methyl-l-indenyl) zirconium 

dichloride, 

ethylenebis (7-raethyl-l-indenyl) zirconium 
dichloride, 

ethylenebis (5-methoxy-l-indenyl) zirconium 
10 dichloride, 

ethylenebis ( 2 , 3-dimethyl-l-indenyl) zi rconiuro 
dichloride, 

ethylenebis (4, 7-dimethyl-l-indenyl) zirconium 

dichloride, 

15 ethylenebis (4 ,7-dimethoxy-l-indenyl) zi rconium 

dichloride, 

ethylenebis (indenyl) zirconium dimethoxide, 
ethylenebis (indenyl) zirconium diethoxide, 
ethylenebis ( ( indenyl) methoxyzi rconiuro chloride, 
20 ethylenebis (indenyl)ethoxyzirconium chloride, 

ethylenebis (indenyl)methylzirconium ethoxide, 
ethylenebis (4 ,5 ,6 ,7-tetrahydro-l- indenyl) - 
zirconium dimethoxide, 

ethylenebis (4 ,5 ,6 ,7^-tetrahydro-l-indenyl) - 
25 zirconium diethoxide, 

ethylenebis (4 ,5 ,6 ,7-tetrahydro-l-indenyl) - 
methoxyzirconiura chloride, 

ethylenebis (4 ,5 ,6 , 7-tetrahydro-l-indenyl) - 
ethoxyzirconium chloride, and 
30 ethylenebis (4 ,5 ,6 ,7-tetrahydro-l-indenyl) - 

methylzirconium ethoxide. 

Examples of titanium compounds corresponding to 
formula (I) in which Me is titanium are listed below: 

bis(cyclopentadienyl)titanium monochloride 
35 monohydride, 

bis(cyclopentadienyl)methyltitanium hydride, 
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bis(cyclopentadienyl)phenyltitanium chloride, 
bis(cyclopentadienyl)benzyltitanium chloride, 

bis (cyclopentadieny 1) titanium chloride , 

bis(cyclopentadienyl)dibenzyltitanium, 

bis (cyclopentadienyl)ethoxy titanium chloride, 

bis (cyclopentadienyl) butoxytitanium chloride, 

bis (cyclopentadienyl) methyltitanium ethoxide, 

bis(cyclopentadienyl>phenoxytitanium chloride, 

bis(cyclopentadienyl)trimethylsiloxytitanium 

chloride, 

bis (cyclopentadienyl) thiophenyltitanium chloride , 
bis <cyclopentadienyl) bis (diethylamide ) titanium, 
bis (cyclopentadienyl) ethoxytitanium, 
ethylenebis(indenyl) titanium dichloride, and 
ethylenebis (4 ,5 ,6 ,7-tetrahydro-l-indenyl) - 

titanium dichloride. 

Examples of hafnium compounds corresponding to 
formula (I) in which Me is hafnium are listed below: 

bis (cyclopentadienyl) hafnium monochloride 

monohydride, 

bis (cyclopentadienyl) ethylhaf nium hydride , 
bis(cyclopentadienyl)phenylhafnium chloride, 
bis (cyclopentadienyl) hafnium dichloride, 
bis (cyclopentadienyl) hafnium dibenzil 
bis (cyclopentadienyl) ethoxyhaf nium chloride, 
bis (cyclopentadienyl) butoxyhaf nium chloride, 
bis ( cyclopentadienyl) methylhaf nium ethoxide, 
bis (cyclopentadienyl)phenoxyhaf nium chloride, 
bis (cyclopentadienyl) thiophenylhaf nium 

chloride, 

bis(cyclopentadienyl)bis(diethylamide)hafnium, 
ethylenebis (indenyl) hafnium dichloride, and 
ethylenebis (4, 5, 6, 7-tetrahydro-l-indenyD- 

hafnium dichloride. 

In the catalyst component (A) , the IVB tran- 
sition metal compound may be treated with an organic 
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metal compound prior to supporting. The organic metal 
compound may be, for example, an organoaluminum compound, 
an organoboron compound, an organomagnesium compound, an 
organozinc compound or an organolithium compound. The 
5 organoaluminum compound is preferred. 

Examples of the organoaluminum compound include 
trialkylaluminuras such as trimethylaluminum, triethyl- 
aluminum and tributylaluminum; alkenylaluminums such as 
isoprenylaluminum; dialkyl aluminum alkoxides such as 
10 dimethyl aluminum methoxide, diethyl aluminum ethoxide 
and dibutyl aluminum butoxide; alkyl aluminum sesgui- 
alkoxides such as methyl aluminum sesquimethoxide and 
ethyl aluminum sesquiethoxide; partially alkoxylated 
alkylaluminums having an average composition of the 

15 formula r 2.5 a1(or2) 0.5 7 dia lkyl aluminum halides 

such as dimethyl aluminum chloride, diethyl aluminum 
chloride and dimethyl aluminum bromide; alkyl aluminum 
sesquihalides such as methyl aluminum sesquichloride and 
ethyl aluminum sesquichloride; partially halogenated 

20 alkylaluminums, for example alkyl aluminum dihalides such 
as methyl aluminum dichloride and ethyl aluminum di- 
chloride. 

The trialkylaluminums and dialkyl aluminum 
chlorides are preferred, and above all trimethylaluminum, 
25 triethylaluminum and dimethyl aluminum chloride are 
preferred. 

Triethylboron is a preferred example of the 
organoboron compound. 

Examples of the organomagnesium compound are 
30 ethylbutylmagnesium, di-n-hexylmagnesium, ethyl magnesium 
bromide, phenyl magnesium bromide and benzyl magnesium 
chloride. 

Diethylzinc is a preferred example of the 
organoz inc compound . 
35 Methyllithium, butyllithiura and phenyllithium 

are examples of the organolithium compound. 
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An organoaluminum'compound is preferred as the 

otganic ^^S^ this inve ntion, the sol. 

„, (A) is composed of the compound of the 

ported « • «»»^ be otganic or ino^anic. ana is 

.vantageoll, a granular or Pa rr: SOU =e ^ 
narticle diameter of, for example, 10 to 
particle a Aerometers. A porous oxide is 

preferalby 20 to zuu roi fiDGC ific examples 

p t eferrea as the inorganic earner S ^" fl Ba0 

and Th0 2 ana mixtures of these, such a = SxO, Mg . 

SiO.-A l2 0 3 , Si0 2 -Ti0 2 . Si0 2 -V 2 0 5 . ",*|V- 

Sio'-TiO.-MgO. A cataiyst contain, at least 
co-ponent selected f.« the group of sxO, and Bj 3 

. »ain component contain . OT all amount 

The xnorganxc * 

of a carbonate, nitrate, sulfate o 
, such as »a 2 co 3 , K 2 co 3 , caco 3 , M 9 co 3 , «^so 4 . * l 2 S °<V 
' Base,. CT o . 3 Hg( K o 3 ) 3 2 . «««,>,. in 

r nr. "s rarirtf j~ 

this invention has a speciti 
ro 2/g, preferably 100 to 700 m /g and a pore 
n o2 5 cm 2 /g, although its characteristics vary 
5 ! lits type and the method of production, 

depending upon its type ^ 15Q 

The carrier is used after it is 

to 1000 °C, preferably 200 to 800 C. 

! ° 7TZ S ^Z s t the present invention. Espies 
rthHr anlc compounds are .coders contain, 
'alpha— having . »»<^2£? i £Z and 

35 l-oecene «. t vrene as a main corn- 

containing vinylcyclohexane or styrene 

ponent • 
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The mixing weight ratio of the Group IVB tran- 
sition metal compound to the carrier (transition 
metal/carrier) in the supporting reaction in this inven- 
tion is 0.5 to 15 %, preferably 0.8 to 10 % by weight, 
5 more preferably 1 to 7 % by weight. 

The supporting may be carried out, for example, 
by mixing the carrier and the transition metal compound 
in the presence of an inert solvent, and removing the 
solvent by using an evaporator, for example, at room 
10 temperature or at an elevated temperature under atmos- 
pheric pressure or elevated pressure. 

It can also be achieved by the following 
methods, for example. 

(1) A method which comprises treating the 
15 carrier with an organoaluminum compound such as 


The catalyst component (B) is an aluminoxane. 
The aluminoxane used as the catalyst component (B) may 
35 be, for' example, an organoaluminum compound repr sented 
by the follolwing formula (II) 


30 


20 


25 


trimethylaluminum, dimethyl aluminum chloride 
and aluminoxane or a halogen-containing silicon 
compound such as trichlorosilane, and mixing 
the treated carrier with the Group IVB tran- 
sition metal compound. 

(2) A method which comprises treating the 
Group IVB transition metal compound with an 
organoaluminum compound such as trimethyl- 
aluminum or dimethyl aluminum chloride and then 
mixing the treated compound with the carrier in 
the presence of an inert solvent. 

(3) A method which comprises mixing the 
carrier, the Group IVB transition metal com- 
pound and the aluminoxane as catalyst component 
(B), or removing the solvent from the mixture 
using an evaporator, for example, under atmos- 
pheric pressure or reduced pressure. 
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,R 


R /' 
\l40-Al>— — 

/ R X \ R . 

R 

wherein R represents a hydrocarbon group, 
X represents a halogen atom, and a and b, 

rt fKor are a number of 
independently from each other, are a 

0 to 80 provided that a and b are not sxmul 
taneously zero (in this formula, a + b + 2 xs the 
degree of polymerization), 
or by the following formula 


a 

R 


. r> y A and b are as defined with 
whprein R# Xr a* anu u 

regard to formula (II) above (in this formula, 

a+ b is the degree of polymerization). 

in the above formulae (II) and (III) . * te- 

or butyl group. The cycloalkyl group is preferably a 
I c^ntyl or cyclohe.l group * ^ 
oreferably a phenyl or tolyl group. Benzyl an 

bromine or iodine. Chlorine is especially preferred- 
a ana b. independently from each other, re 
25 present a ^er'of 0 to 60. provided that a and b are 

not simultaneously zero as 
When b is 0, formula (III can o<= 


(II)-l 
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\ / 


AUO-AU-^OAl ... (ii)-i 

R R R 


wherein R and a are as defined above. 
The formula (III) above may be written as the 
following formula (III)-l 


I — tO-AljJ 


... (III)-l 


wherein R and a are as defined above. 
In formula (II)-l, a_ is preferably 2 to 50, 
more preferably 4 to 30. In formula (III)-l, a is prefer- 
ably 4 to 52, more preferably 6 to 32. 
10 a is preferably 0 to 40, more preferably 3 to 

30, and b is preferably 1 to 40, more preferably 3 to 30. 

The a+b value is preferably 4 to 50, more 
preferably 8 to 30. 

In formulae (II) and (III), the two units 
15 -O-Al- and -O-Al- may be bonded in blocks or at random. 
R R 

When a is 0 in formulae (II) and (III), it is 
desirable to use an organoaluminum compound of the 
following formula (V) 

AlR f 2 3-f ••• CV) 

20 wherein R represents an alkyl group having 1 

to 10 carbon atoms or a cycloalkyl group having 
3 to 12 carbon atoms, Z represents a halogen 
atom, and f is a number of 1 to 3, 
together with the halogenated aluminoxane. Examples of 
25 the organoaluminum compound are trimethylaluminum, 
triethylaluminum, tributylaluminum, trihexylaluminum, 
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diethylaluminum chloride and ethyl aluminum sesqui- 
chloride. 

At this time, it is desirable to use 0.1 to 10 
ffi oles, preferably 0.3 to 3.0 moles, especially preferably 
0 5 to 2.0 moles, of the organoaluminum compound per mole 
of the aluminum atom of the halogenated aluminoxane. 

The following methods may be cited as examples 
of producing the aluminoxane or the halogenated alumi- 
noxane. 

(1) A method which comprises reacting a com- 
pound containing water of adsorption or a salt containing 
water of crystallization, such as magnesium chlorxde 
hydrate, nickel sulfate hydrate or cerous chloride 
hydrate, with a trialkylaluminum or a dialkyl aluminum 
monohalide while the former is being suspended m a 
medium such as benzene, toluene, ethyl ether or tetra- 
hydrofuran. 

(2) A method which comprises the actxon of 
water directly on a trialkylaluminum and/or a dialkyl 
aluminum monohalide in a medium such as benzene, toluene, 
ethyl ether or tetrahydrofuran. 

Of these, the method (1) is preferably 
employed. The aluminoxane may contain a small amount of 
an organometallic component. 

The catalyst of this invention may be prepared 
by contacting the prepared carrier-supported solid cata- 
lyst component (A) and aluminoxane catalyst component (B) 
in an inert medium, or by supporting the Group IVB tran- 
sition metal compound and the aluminoxane simultaneously 
on a carrier, prior to pre-polymerization. Preferably, 
prior to pre-polymerization, the catalyst components (A) 
and (B) are mixed in an inert hydrocarbon medium. When 
the inert hydrocarbon medium dissolves the catalyst 
component (B) , the resulting mixture is preferably 
5 subjected to an evaporator at room temperature or at 
an elevated temperature under atmospheric or reduced 
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pressure to remove the solvent. It is alternatively 
preferred to deposit the catalyst component (B) by, for 
example, adding a solvent in which the catalyst component 
(B) is insoluble, thereby to form a solid catalyst at 
5 least comprising (A) and (B) • 

The catalyst of this invention contains the 
transition metal compound in an amount of usually 0.003 
to 3 mg-atom, preferably 0.005 to 2 mg-atom, especially 
preferably 0.01 to 1 mg-atom, as the transition metal 

10 atom per gram of the carrier. The proportion of the 
aluminoxane catalyst component, whether prior to the 
pre-polymerization of an olefin, the catalyst is a solid 
catalyst formed from the components (A) and (B) in an 
inert hydrocarbon medium or a solid catalyst formed by 

15 supporting the transition metal component and the alumi- 
noxane catalyst component, is such that the atomic ratio 
of aluminum atom to the transition metal atom of the 
transition metal compound (Al/Me) is from 1 to 1000, 
preferably from 10 to 700, especially preferably from 15 

20 to 500. 

The catalyst of this invention may contain an 
electron donor in addition to the carrier component, 
transition metal compound and the aluminoxane. Examples 
of the electron donor include carboxylic acids, esters, 
25 ethers, ketones r aldehydes, alcohols, phenols, acid 
amides, oxygen-containing compounds such as compounds 
containing a metal-O-C bond (the metal is, for example, 
aluminum or silicon), nitriles, amines, and phosphines. 
The proportion of the electron donor is usually 0 to 1 
30 mole, preferably 0.1 to 0.6 mole, per gram of the tran- 
sition metal atom (He). 

The solid catalyst component in this invention 
has an average particle diameter of usually 10 to 300 
micrometers, preferably 20 to 200 micrometers, more pre- 

35 ferably 25 to 100 micrometers and a specific' surface area 

2 2 
of usually 20 to 1000 m /g, preferably 50 to 500 m /g, 


- 20 - 

specially preferably 100 to 300 m 2 /g. 

The catalyst of this invention is formed by 
pre-polymerizing an olefin in the presence of the solid 
catalyst component formed from the catalyst components 
(A) and CB) prior to the main polymerization of an 
olefin. The pre-polymerization is carried out by 
polymerizing 0.05 to 30 g, preferably 0.1 to 20 g, more 
preferably 0.2 to 10 g, of the olefin per gram of the 
solid catalyst component formed from the catalyst com- 
ponents (A) and (B) . Examples of the olefin are 
ethylene, and alpha-olef ins having 3 to 20 carbon atoms 
such as propylene, 1-butene, 4-inethyl-l-pentene, 
1-hexene, 1-octene, 1-decene, 1-dodecene and 
1-tetradecene. Ethylene is especially preferred. 

The pre-polymerization is carried out (1) in 
the absence of a solvent, or (2) in an inert hydrocarbon 
medium. The mole ratio of the aluminum atom of the 
catalyst component (B) to the transition metal atom of 
the catalyst component (A) (Al/transition metal atom) in 
the pre-polymerization treatment is from 1 to 1000, 
preferably from 10 to 700, more preferably from 15 to^ 
500. The pre-polymerization temperature is from -20 C 
to 70 °C, preferably -10 °C to 60 °C more preferably 

0 °C to 50 °C. 

The pre-polymerization treatment may be carried 
out batchwise or continuously under reduced, atmospheric 
or elevated pressure. A molecular weight controlling 
agent such as hydrogen may be caused to be present in the 
pre-polymerization. Its amount, however, is preferably 
limited to those values in which a prepolymer having^an 
intrinsic viscosity 1^1 , measured in decalin at 135 C, 
of at least 0.2 dl/g, preferably 0.5 to 20 dl/g, can be 
produced. 

By using the catalyst of this invention de- 
scribed above, alpha-olef ins can be advantageously poly- 
merized or copolymerized. 
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Investigations of the present inventors have 
shown that when a porous inorganic oxide treated with a 
compound selected from the group consisting of organo- 
metallic compounds , halogen-containing silicon compounds 
and aluminoxanes is used as a carrier for the solid 
catalyst component (A) in the catalyst component (A) and 
the alumilnoxane (B) before pre-polymerization treatment, 
the resulting catalyst shows excellent activity equiva- 
lent to the catalyst of this invention without subjecting 
it to pre-polymerization treatment. 

Accordingly, the objects and advantages of the 
present invention are achieved secondly by a catalyst for 
polymerization of alpha-olef ins, said catalyst comprising 

(A 1 ) a solid catalyst component composed of a 
compound of a transition metal of Group I of the periodic 
table supported on a porous inorganic oxide carrier 
treated with a compound selected from the group consist- 
ing of organometallic compounds, halogen-containing 
silicon compounds and aluminoxanes, and 

(B) an aluminoxane. 

In the catalyst of this invention for polymer- 
ization of alpha-olefins, the porous inorganic oxide 
carrier is treated with a compound selected from the 
group consisting of organometallic compounds, halogen- 
containing silicon compounds and aluminoxanes . 

The porous inorganic oxide carrier may be any 
of those which are exemplified hereinabove. 

The organometallic compounds as the treating 
agent may be the same as those exemplified hereinabove. 

In the above treatment, the mixing ratio of the 
organometallic compound to the carrier, as the ratio of 
the millimoles of the organometallic compound to the 
grams of the carrier, is from 0.5 to 50, preferably from 
1 to 30, preferably from 1.5 to 20. 

The treatment of the porous inorganic oxide 
carrier with the organometallic compound in the catalyst 


" 0279863 


10 


- 22 - 

component (A') may be carried out by dispersing the 
carrier in an inert solvent, adding at least one organo- 
metallic compound mentioned above, and maintaining the 
mixture at a temperature of 0 to 120 °C, preferably 10 
to 100 °C, more preferably 20 to 90 °C for a period 
of 10 minutes to 10 hours, preferably 20 minutes to 5 
hours, more preferably 30 minutes to 3 hours, under 
atmospheric, reduced or elevated pressure. 

Examples of the inert solvent are aromatic 
hydrocarbons such as benzene, toluene and xylene, 
aliphatic hydrocarbon such as pentane, hexane and 
isooctane, and alicyclic hydrocarbons such as cyclb- 
hexane. 

The Group IVB transition metal compound is 
15 supported in a proportion of 3xl0" 3 to 3 mg-atom, ^ 
preferably 5xl0 -3 to 2 mg-atom, more preferably 1x10 
to 1 mg-atom, as the transition metal atom, per gram of 
the porous inorganic oxide carrier treated with the 
organometallic compound. 

The supporting of the transition metal compound 
may be carried out by, for example, adding the porous 
inorganic oxide carrier treated with the organometallic 
compound and the transition metal compound in an inert 
hydrocarbon medium, and working up the mixture in the 

25 following manner. 

The treating temperature is usually 0 to 
100 °C, preferably 20 to 90 °C and the reating time is 
usually 5 minutes to 5 hours, preferably 10 minutes to 2 
hours. After the supporting, the inert hydrocarbon 
medium is removed by filtration or evaporated under 
atmospheric or reduced pressure to give a solid catalyst 
component . 

Preferably, the halogen-containing silicon 
compound as the treating agent is, for xample, a com- 
pound represented by the following formula (IV) 


20 


30 


35 
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SiY d R5( 0 R 6 ) 4 _ d _ e (IV) 

wherein Y represents a chlorine or bromine 
atom, R 5 and R 6 , independently from each 
other, represent an alkyl group haying 1 to 12 
5 carbon atoms, an aryl group, or a cycloalkyl 

group having 3 to 12 carbon atoms, d is a 
number of 1 to 4, and e is a number of 0 to 4, 
provided that the total of d and e is a number 
of 1 to 4. 

10 Examples of this compound include silicon 

tetrachloride, silicon tetrabromide, silicon trichloride, 
methylsilicon trichloride, ethylsilicon trichloride, 
propylsilicon trichloride, phenylsilicon trichloride, 
cyclohexylsilicon trichloride, silicon tribromide, 

15 ethylsilicon tribromide, dimethylsilicon dichloride, 
methylsilicon dichloride, phenylsilicon dichloride, 
methoxysilicon trichloride, ethoxysilicon trichloride, 
propoxysilicone trichloride, phenoxysilicon trichloride, 
ethoxysilicon tribromide, methoxysilicon dichloride, 

20 methoxysilicon dichloride, and silanol trichloride. They 
may be used singly or in combination. Among them, 
silicon tetrachloride, silicon trichloride and methyl- 
silicon trichloride are preferred. 

The mixing ratio of the halogen-containing 

25 silicon compound and the porous inorganic oxide the above 
treatment is such that the proportion of the halogen- 
containing silicon compound is 0.001 to 10 moles, prefer- 
ably 0.01 to 5 moles, more preferably 0.05 to 1 mole, per 
gram of the carrier compound. Preferably, after the 

30 treatment, the liquid portion containing the excess of 
the halogen-containing silane compound, for example is 
removed from the reaction mixture by filtration, 
decantation or the like. 

In the preparation of the catalyst component 
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(A 1 ), the treatment of the porous inorganic oxide carrier 
with the halogen-containing silicon compound is carried 
out at a temperature of -50 to 200 °C, preferably 0 to 
100 °C f more preferably 20 to 70 °C, for a period of 
10 minutes to 10 hours, preferably 20 minutes to 5 hours, 
under atmospheric, reduced or elevated pressure. 

In the above treatment, an inert solvent may be 
used. Examples of the inert solvent are aromatic 
hydrocarbons such as benzene, toluene and xylene, 
aliphatic hydrocarbons such as pentane, hexane, iso- 
octane, decane and dodecane, alicyclic hydrocarbons such 
as cyclohexane, and halogenated hydrocarbons such as 
chlorobenzene and ethylene dichloride. 

In the preparation of the catalyst component 
(A f ), if the Group IVB transition metal compound to 
be supported on the porous inorganic oxide carrier 
treated with the halogen-containing silane compound in 
the catalyst component (A 1 ) is liquid, it is not neces- 
sary to use an inert solvent. When the transition metal 
compound is a normally solid substance, it is generally 
preferred to use an inert solvent capable of dissolving 
the transition metal compound. 

The inert solvent that can be used at this time 
may be the same as those exemplified hereinabove with 
regard to the treatment of the porous inorganic oxide 
carrier. Aromatic hydrocarbons such as benzene and 
toluene and halogenated hydrocarbons such as chloro- 
benzene are especially preferred. 

The amount of the transition metal compound 
used in the above supporting reaction is preferably 0.001 
to 500 millimoles, preferably 0.01 to 100 millimoles, 
especcally preferably 0.1 to 50 millimoles, per gram of 
the porous inorganic oxide carrier treated with the 
halogen-containing silane compound. 

The amount of the inert solvent used in the 
above supporting reaction is 0.5 to 1000 ml, preferably 1 
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to 100 ml, especially preferably 2 to 50 ml, per gram of 
the porous inorganic oxide carrier treated with the 
halogen-containng silane compound. 

The above supporting reaction may be carried 
out by contacting and mixing the transition metal com- 
pound with the porous inorganic oxide carrier treated 
with the halogen-containing silane compound at a tempera- 
ture of 0 to 200 °C, preferably 0 to 100 °C, especially 
20 to 80 °C, for 1 minute to 10 hours r 5 minutes to 5 
hourSf or 10 minutes to 3 hours. 

After the supporting reaction is carried out by 
the above method r the liquid portion of the reaction 
mixture is removed by, for example, filtration or 
decantation, and preferably the residue is washed several 
times with an inert solvent. 

The solid catalyst component (AM prepared by 
the above method contains the transition metal compound 
in an amount of usually 0.005 to 5 millimoXes, preferably 
0.01 to 1 millimole, especially preferably 0.03 to 0.3 
millimole, per gram of the component (A 1 ). 

Examples of the aluminoxanes as the treating 
agent may be the same as those exemplified above as the 
catalyst component (B) . 

In the treatment of the porous inorgnaic oxide 
carrier with the aluraioxane, the mixing ratio of both is 
such that the proportion of the aluminoxane is 0.001 to 
100 milliraoles, preferably 0.01 to 10 millimoles, prefer- 
ably 0.05 to 5 millimoles, per gram of the carrier com- 
pound. Preferably/ the liquid portion containing the 
excess of the aluminoxane after the above treatment is 
removed from the reaction mixture by such a method as 
filtration or decantation. 

The treatment of the porous inorganic oxide 
carrier with the aluminoxane in the preparation of the 
catalyst component (A 1 ) may be carried out at a tempera- 
ture of -50 to 200 °C, preferably 0 to 100 °C, more 
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preferably 20 to 70 °c under atmospheric, reduced or 
elevated pressure for a period of 10 minutes to 10 hours, 
preferably 20 minutes to 5 hours. 

The above treatment is preferably carried out 
5 in an inert solvent. Examples of the inert solvent may 
include aromatic hydrocarbons such as benzene, toluene 
and xylene, aliphatic hydrocarbons such as pentane, 
hexane, isooctane, decane and dodecane, alicyclic 
hydrocarbons such as cyclohexane and halogenated 
10 hydrocarbons such as chlorobenzene and ethylene 

dichloride. Of these, the aromatic hydrocarbons are 
preferred. 

When the Group IVB transition metal compound is 
liquid in depositing it on the porous inorganic oxide 
5 carrier treated with the aluminoxane, an inert solvent 
may or. may not be used. When the transition metal com- 
pound is a normally solid substance, it is generally 
preferred to use an inert solvent capable of dissolving 
the transition metal compound. 

The inert solvent that can be used at this time 
may be the same as those used in treating the porous 
inorganic oxide carrier with the aluminoxane. Aromatic 
hydrocarbons such as benzene and toluene and halogenated 
hydrocarbons such as chlorobenzene are especially prefer- 
25 red. 

The amount of the transition metal compound 
used in the above supporting reaction is 0.001 to 10 
millirooles, preferably 0.005 to 5 roillimoles, especially 
preferably 0.01 to 1 millimole, per gram of the porous 
inorganic oxide carrier treated with the aluminoxane. 

The amount of the inert solvent, the reaction 
temperature, the reaction time and the after-treatment 
used in the above supporting reaction may be the same as 
those described above with regard to the porous inorgnaic 
oxide carrier treated with the halogen-containing silicon 
compound . 
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The solid catalyst component (A') prepared by 
the above method contains the transition metal compound 
in an amount of usually 0.005 to 5 roillimoles, preferably 
0.01 to 1 millimole f especially preferably 0.03 to 0.3 
5 milliroole, per gram of the component (A 1 ). 

The above catalyst of this invention comprises 
the solid catalyst component (A 1 ) prepared as above and 
the aluminoxane (B) • 

The catalyts of the invention described above 
10 can be used advantageously in the homopolymerization or 
copolymerization of alpha-olef ins, and are particularly 
effective for the production of an ethylene polymer and a 
copolymer of ethylene and an alpha-olef in. Examples of 
the olefins that can be used in this invention are ethyl- 
15 ene and alpha-olef ins having 3 to 20 carbon atoms such as 
l-butene r 1-hexene, 4-methyl-l-pentene, 1-octene, 
l-decene r 1-dodecene, 1-tetradecene, 1-hexadecene, 
1-octadecene and 1-eicosene. 

In the process of this invention, olefin 
20 Polymerization is usually carried out in the vapor phase 
or the liquid phase, for example in slurry. In the slurry 
polymerization, an inert hydrocarbon may be used as a 
solvent, or an olefin itself may be used as the solvent. 

Specific examples of the hydrocarbon medium 
25 include aliphatic hydrocarbons such as butane, isobutane, 
pentane, hexane, octane, decane, dodecane, hexadecane and 
octadecane; alicyclic hydrocarbons such as cyclopentane, 
methylcyclopentane, cyclohexane . and cyclooctane; aromatic 
hydrocarbons such as benzene, toluene and xylene; and 
30 petroleum fractions such as gasoline, kerosene and light 
oil. Of these, the aliphatic hydrocarbons, alicyclic 
hydrocarbons and petroleum fractions are preferred. 

In carrying out slurry polymerization in the 
process of this invention, the polymerization temperature 
35 is usually -50 to 120 °C, preferably 0 to 100 °C. 

In carrying out the process of this invention 
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by a slurry or vapor-phase polymerization technique, the 
proportion of the transition metal compound is usually 
10~ 8 to 10~ 2 gram-atom/liter, preferably 10~ to 
10~ 3 gram- atom/ liter, as the concentration of the 
transition metal atom in the polymerization reaction 
system. 

In the main polymerization reaction, the 
alurainoxane may, or may not, be used additionally. 
But to obtain a polymer having excellent powder 
characteristics, it is preferred not to use the 
aluminoxane additionally. 

The polymerization pressure is usually atmos- 
pheric pressure to an elevated pressure of 100 kg/cm 2 , 
preferably 2 to 50 kg/cm 2 . The polymerization may be 
carried out batchwise, semi-continuously or continuously. 

The polymerization may also be carried out in 
two or more steps in which the reaction conditions are 
different. 

When a slurry polymerization technique or a 
vapor-phase polymerization technique is employed in the 
polymerization of olefins, particularly the polymeri- 
zation of ethylene or the polymerization of ethylene with 
an alpha-olef in, no polymer adhesion to the reactor 
occurs, and a polymer having excellent powder character- 
istics and a narrow molecular distribution can be ob- 
tained. In particular, when the catalyst of this in- 
vention is applied to the copolymer iz at ion of two or more 
olefins, an olefin copolymer having a narrow molecular 
weight distribution and a narrow composition distribution 
can be obtained. 

EXAMPLES 

The following examples specifically illustrate 
the process of this invention. 

In Examples and Comparative Examples, MFR was 
measured at a temperature of 190 °C under a load of 
2.16 kg. The Mw/fin was measured by the following 
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procedure in accordance with "Gel Permeation Chromato- 
graphy", written by Takeuchi, and published by Maruzen 
Co. r Ltd* 

(1) Using standard polystyrene having a known 
molecular weight (monodisperse polystyrene produced by 
Toyo Soda Co., Ltd.), molecular weight M and its GPC (gel 
permeation chromatography) count are measured, and a 
calibration curve of the molecular weight M and EV 
(elution volume) is prepared. The concentration at this 
time is set at 0.02 % by weight. 

(2) A GPC chromatograph of the sample is taken 
by GPC measurement. On the basis of (1) above, the 
number average molecular weight Hn and the weight 
average molecular weight Rw of the sample are calculated 
for polystyrene, and the Hw/Mn is determined. The sample 
preparation conditions and the GPC measurement conditions 
are as follows:- 

Sample Preparation 

(a) The sample and o-dichlorobenzene as a 
solvent are taken into an Erlenmeyer flask so that the 
concentration of the sample is 0.1 % by weight. 

(b) The Erlenmeyer flask is heated at 140 °C 
and the mixture is stirred for about 30 minutes to dis- 
solve the sample. 

(c) A filtrate of the solution is subjected to 

GPC. 

GPC Measurement Conditions 

GPC was performed under the following condi- 
tions. 

(a) Device: 15 0C-ALC/GPC made by Waters Co. 

(b) Column: GMH type made by Toyo Soda Co., Ltd. 

(c) Amount of the sample: 400 microliters 

(d) Temperature: 140 °C. 

(e) Plow rate: 1 ml/min. 

The amount of an n-decane-soluble portion of 
the copolymer (as the amount of the soluble portion is 
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smaller, the composition distribution of the copolymer is 
narrower) is measured by adding about 3 g of the copoly- 
mer to 450 ml of n-decane, dissolving it at 145 °C, 
gradually cooling the solution to 23 °C, removing the 
5 n-decane-insoluble portion by filtration, and recovering 
the n-decane-soluble portion from the filtrate* 
Example 1 

Preparation of aluminoxane 
A 400 ml fully nitrogen-purged flask was 
10 charged with 37 g of Al 2 (S0 4 ) 3 .14H 2 0 and 125 ml of 

toluene. The flask was cooled to 0 °C, and 500 milli- 
moles of trimethylaluminum diluted with 125 ml of toluene. 
The mixture was then heated to 40 °C r and reacted at 
this temperature for 10 hours* After the reaction, the 
15 reaction mixture was subjected to solid-liquid separation 
by filtration. The toluene was removed from the filtrate 
to give 13 g of aluminoxane as a white solid. The molecu- 
lar weight of the product, determined by freezing point 
depression in benzene, was 930. It had an average degree 
20 of polymerization of 16. 

Preparation of a zirconium catalyst 
2*3 g of calcined silica obtained by calcining 
silica (average particle diameter 70 ytun, specific surface 
area 260 m 2 /g, pore volume 1.65 cm 3 /g) at 300 °C for 
25 4 hours, 15 ml of a toluene solution (aluminum 1 mole/ 
liter) of dimethyl aluminum monochloride and 50 ml of 
toluene were introduced into a 200 ml flask purged fully 
with nitrogen, and heated at 80 °C for 2 hours. The 
reaction mixture was subjected to solid-liquid separation 
30 by filtration. The solid portion was transferred into 50 
ml of toluene, and 6.4 ml of a toluene solution (Zr 0.01 
mole/liter) of biscyclopentadienyl zirconium chloride was 
added. The mixture was stirred at room temperature for 2 
hours. Then, 31 ml of a toluene solution <A1 1.03 moles/ 
35 liter) of aluminoxane as catalyst component (B) was 

added, and the mixture was stirred at room temperature 
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for 30 minutes. Subsequently, toluene was removed from 
the solution at room temperature by means of ah evapo- 
rator to give a solid catalyst component containing 
0.14 % by weight of Zr and 22 % by weight of Al. The 
solid catalyst component had. an average particle diameter 
of 83 ^ua, and a specific surface area, of 207 m 2 /g. 
Preliminary Polymerization 

A gaseous mixture of ethylene and nitrogen (20 
liters/hr and 30 liters/hr, respectively) was passed 
through the solid catalyst component prepared. as above 
for 30 minutes at room temperature to pre-polymerize 
ethylene. Ethylene polymerized in an amount of 0.62 g 
per gram of the solid catalyst component. 
Main Polymerization 
15 0n e liter of hexane was introduced into a 

2-liter stainless steel autoclave fully purged with 
nitrogen, and the temperature was raised to 45 °c. 
Then, the solid catalyst component subjected to the 
preliminary polymerization was charged into the autoclave 
20 in an amount of 0.015 milligram-atom calculated as the 
zirconium atoms, and the temperature was raised to 
60 °c. Subsequently, ethylene was introduced and the 
total pressure was set at 6 kg/cm 2 - G . its polymeriza- 
tion was started, and then continued at 70 °C for 2 
25 hours while maintaining the total pressure at 6 kg/cm 2 -G 
by supplying ethylene alone. After the polymerization, 
the polymer slurry was separated by filtration, and dried 
overnight at 80 °C. under reduced pressure. There was 
obtained 85.9 g of a polymer having an MFR of 0.03 g/10 
30 min., an Mw/Mn of 2.65 and a bulk density of 0.36 g/cm 3 . 
No adhesion of the polymer to the wall of the autoclave 
was observed. 
Example 2 

Preparation of a zirconium catalyst 
35 2.3 g of calcined silica obtained by calcining 

silica (average particle diameter 70 ^un, specific surface 
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area 260 m 2 /g, pore volume 1.65 cm 3 /g) at 300 °C for 4 
hours, 4.8 ml of a toluene solution (Zr 0.01 mole/liter) 
of biscyclopentadienyl zirconium dichloride and 30 ml of 
a toluene solution (Al 1.03 mole/liter) of the aluminoxane 

5 synthesized in Example 1 were introduced into a 200 ml 
fully nitrogen-purged flask. The mixture was stirred at 
room temperature for 30 minutes. Subsequently, the 
toluene was removed from the solution at room temperature 
by an evaporator to give a solid catalyst component 

L0 containing 0.11 % by weight of Zr and 20 % by weight of 
Al. The solid catalyst component had an average particle 
diameter of 78 and a specific surface area of 210 m /g. 
Preliminary Polymerization 

A gaseous mixture of ethylene and nitrogen (20 
L5 liters/hr and 30 liters/hr respectively) was passed at 
room temperature for 30 minutes through the solid cata- 
lyst component obtained as above to pre^polymerize ethyl- 
ene. Ethylene polymerized in an amount of 0.51 g per 
gram of the solid catalyst component. 
20 Main Polymerization 

The same polymerization as in Example 1 was 
carried out to give 102.5 g of a polymer having an MFR of 
0.05 g/10 min., an Rw/Mn of 2.73 and a bulk density of 
0.35 g/cm 3 . No adhesion of the polymer to the autoclave 
25 wall was observed. 
Example 3 

Preparation of a zirconium catalyst 
A solid catalyst component containing 0.22 % by 
weight of Zr and 21 % by weight of Al was obtained by 
30 repeating Example 2 except that 1.9 g of silica, 8.0 ml 
of a toluene solution (Zr 0.01 mole/liter) of biscyclo- 
pentadienyl zirconium dicloride and 25 ml of a toluene 
solution (Al 1.03 mole/liter) of aluminoxane synthesized 
in Example 1 were used. The resulting solid catalyst 
35 component had an average particle diameter of 78^m and a 
specific surface area of 220 m /g. 
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Preliminary Polymerization 

Prepolymerizatioix was carried out in the same 
way as in Example 1 to give a solid catalyst which cata- 
lyzed polymerization of 0.49 g of ethylene. per gram 
5 thereof. / 

Main Polymerization 

Example 1 was repeated to give 26.3 g of a 
polymer having an MFR of 0.02 g/10 min., an Mw/Sn of 2.80 
and a bulk density of 0.37 g/cra 3 . No adhesion o.f ' / 
10 the polymer to the wall of the autoclave was observed. 
Example 4 

Preparation of a zirconium catalyst 
5.8 g of calcined . alumin^ obtained by calcining 
alumina (average particle diameter 60^*, speqific surface 
15 area 290 m /g, pore volume 1.05 ml/g)..at 500 °C for 5 
hours, 17 ml of a toluene solution (Al 1 mole/liter > of 
dimethylaluminura monochloride and 50 ml of toluene were 
introduced into a 200 ml flask fuljy purged with ' 
nitrogen, and heated at 80 °c for 2 hours. Then, the 
reaction mixture was subjected to solid-liquid separation / 
by filtration, and the solid portion was transferred into 
50 ml of toluene. Furthermore, 32 ml of a toluene solu- 
tion (Zr 0.036 mole/liter) of biscyclopentadienyl zirconium 
chloride was added, and the mixture was heated at 80 6 c 
25 for 1 hour. The reaction mixture was subjected to solid- 
liquid separation by filtration to 'give a solid catalyst 
containing 0.25 % by weight of Zr. The above solid 
portion had an average particle diameter of 69 and a 
specific surface area of 240 m 2 /.g. 
30 Preliminary Polymerization 

The solid catalyst obtained as above (6.015 
mg-atom as Zr), 4.9 ml of a toluene solution (Al 1.03 
mole/liter) of the alurainoxane synthesized in Example 1 
and 20 ml of toluene were stirred at room temperature for 
5 30 minutes, and then toluene was removed at room tempera- ; 
ture by an evaporator. 


20 
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The resulting solid catalyst was subjected to 
preliminary polymerization in the same way as in Example 
1. Ethylene polymerized in an amount of 0.32 g per gram 
of the solid catalyst. 

Main Polymerization 

Sodium chloride (special reagent grade, Wako 
Pure Chemicals, Co., Ltd.; 250 g) was introduced into a 
2-liter stainless steel autoclave fully purged with 
nitrogen, and dried at 90 °C under reduced presure for 
1 hour. Thereafter, the inside of the autoclave was 
purged with ethylene, and the temperature was raised to 
75 °c. Subsequently, all the catalyst subjected to 
preliminary polymerization was charged into the auto- 
clave, and ethyene was introduced. The total pressure 
was adjusted to 8 kg/cm 2 -G, and the polymerization of 
ethylene was started. Thereafter, the polymerization was 
carried out at 80 °C for 1 hour while maintaining the 
total pressure at 8 kg/cm 2 -G by supplying ethylene 
alone. After the polymerization, sodium chloride was 
removed by washing with water, and the remaining polymer 
was washed with hexane and then dried overnight at 
80 °C under reduced pressure. There was obtained 32.2 g 
of a polymer having an MFR of 0.10 g/10 min., an Rw/Mn 
of 2.79 and a bulk density of 0.40 g/cm 3 . No adhesion 
of the polymer to the wall of the autoclave was observed. 
Example 5 

Main Polymerization 

Ethylene and 1-hexene were copolymerized under 
a total pressure of 7 kg/cm 2 -G using 900 ml of hexane 
and 100 ml of 1-hexene. Otherwise, Example 1 was re- 
peated to give 110 g of a polymer having an MFR of 
0.12 g/10 min., an Mw/fin of 2.80, a bulk density of 
0.34 g/cm 3 , a density of 0.915 g/cm and a weight 
fraction of a portion soluble in decane at room temperature 
; of 0.25 % by weight. Hardly any adhesion of the polymer 
to the wall of the autoclave was observed. 
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Comparative Example 1 

The catalyst preparation and polymerization 
were carried out in the same way as in Example 2 except 
that the preliminary polymerization was not carried out. 
There was obtained 95. S g of a polymer having an MFR of 
0.002 g/10 min.r an Hw/fin of 2.91 and a bulk density 
of 0.07 g/cm 3 . Considerable adhesion of the polymer to 
the wall of the autoclave was observed. 
Example 6 

Preparation of a zirconium catalyst 
2.3 g of calcined silica obtained by calcining 
silica (average particle diameter 70yu.ro, specific surface 
area 260 ro 2 /g f pore volume 1.65 cm 3 /g)'at 300 °C for 
4 hours, 15 ml of a toluene solution (Al 1 mole/liter) 
of dimethylaluminum mbnochloride, and 50 ml of toluene 
were introduced into a 200 ml fully nitrogen-purged 
flask, and heated at 80 °C for 2 hours. Subsequently, 
the reaction mixture was subjected to solid-liquid sepa- 
ration by filtration, and the solid portion was transfer- 
red into 50 ml of toluene. Then, 6.4 ml of a toluene 
solution (0.01 molo-Zr/liter of solution) of bistcyclo- 
pentadienyl) zirconium dichloride was added. The mixture 
was- stirred at room temperature for 2 hours and then 
subjected to solid-liquid separation by filtration. The 
solid portion was suspended in 100 ml of n-decane. While 
the suspension was stirred, 31 ml of a "toluene solution 
(2.3 moles-Al/liter of solution) of aluminoxane was 
added. The mixture was warmed to 35 °C, and the pressure 
of the inside of the reactor was reduced to 4*torr to 
evaporate the toluene. The reaction suspension was 
filtered at -20 °C. The solid portion was collected^ 
and suspended in 50 ml of n-decanfe. The resulting solid 
catalyst had an average particle diameter of 78 ^un and a 
specific surface area of 226 m 2 /g. 
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Preliminary Polymerization 

A 400 ml reactor equipped with a stirrer was 
charged with 100 ml of purified- n-decane and 0.1 mg-atom, 
as Zr, of the above solid catalyst in an atmosphere of 
5 nitrogen, and then ethylene was fed into the reactor for 

1 hour at a rate of 4 Nl/hour. During this time , the 
temperature was maintained at 20 °C. After the feeding 
of ethylene, the inside of the reactor was purged with 
nitrogen, and the reaction mixture was washed once with 

10 purified hexane, and suspended in hexane. The catalyst 
was thus stored in a catalyst bottle. 
Main polymerization 

Sodium chloride as a dispersant was added in an 
amount of 250 g/cm 3 to a 2-liter autoclave purged fully 
15 with nitrogen, and while the autoclave was heated at 

90 °C, pressure reduction treatment was carried out for 

2 hours using a vacuum pump so that the pressure of the 
inside of the autoclave was below 50 mmHg. Then, the 
temperature of the autoclave was lowered to 75 °C, and 

20 the inside of the autoclave was purged with ethylene. 

The solid catalyst component subjected to prepolymeriza- 
tion was added in an amount of 0.007 millimole as Zr, and 
the autoclave was sealed up. Hydrogen (50 Nml) was 
added, and ethylene w£s introduced so that the inside 

25 pressure of the autoclave reached 8.0 kg/ cm -G. The 

stirring speed was raised to 300 rpra, and the polymeriza- 
tion was carried out at 80 °C for 1 hour. 

After the polymerization, all the polymer and 
sodium chloride in the autoclave were taken out and fed 

30 into about 1 liter of water. By stirring for about 5 
minutes, almost all sodium chloride dissolved in water 
and only the polymer came afloat on the water surface. 
The floating polymer was recovered, washed thoroughly 
with methanol, and dri d overnight at 80 °C under 

35 reduced pressure. The amount of the polymer yielded 
was 106.2 g/cm 3 . It had an MFR of 2.1 dg/min. and 
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an apparent bulk density of £.46 g/ml. The amount of a 
fine powdery polymer having a particle size of less than 
105^un was 0.1 % by weight of the total amount of the 
polymerization product. On the other hand, no coarse 
5 polymer having a size of more than 1120 ^tm was seen to 
form. The Rw/Rn, determined by GPC measurement, was 3.0. 
Comparative Example 2 

Catalyst preparation and polymerization were 
carried out in the same way as in Example 6 except that 

10 no preliminary polymerization as in Example 6 was carried 
out. There was obtained 63.3 g of a polymer having an 
MFR of 3.6 dg/min. and an apparent density of 0.28 g/ral. 
The amount of a fine powdery polymer having a size of 
less than 105 ftm was 7.6 % by weight based on the total 

15 amount of the polymerization product. 
Example 7 

Preparation of a zirconium catalyst 
67 ml of a toluene solution containing 100 
millimoles, as the Al atoms, of the aluminoxane and 2 g 

20 of a polyethylene powder having an average particle 

diameter of 35 ^m (MIPERO^, a trademark for a product 
of Mitsui Petrochemical Industries, Ltd.) were charged 
into a 300 ml pressure-reducible reactor equipped with a 
stirrer, and with stirring at room temperature, 100 ml of 

25 purified n-decane was added over the course of about 0.5 
hour, whereupon the aluminoxane was precipitated. Then, 
the temperature of the inside of the reactor was raised 
to 35 °C over the course of about 3 hours while the 
pressure of the inside of the reactor was reduced to 4 

30 torr by means of a vacuum pump. Consequently, the 

toluene in the reactor was removed, and the aluminoxane , 
was further precipitated. The reaction solution was 
filtered by a filter, and the liquid portion was removed. 
The solid portion was suspended in n-decane, and 5 ml of 

35 a toluene solution containing 0.2 millimole of bis(cyclo- 
pentadienyl) zirconium chloride was added. They were 
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mixed at room temperature for about 1 hour, and the 
liquid portion was removed by a filter. Thus, a solid 
catalyst for olefin polymerization was formed. 

The Zr content of the resulting solid catalyst 
was 9 millimoles per 100 g of the polyethylene used as a 
carrier, and its Al content was 2.0 moles per 100 g of 
the polyethylene carrier. The average catalyst particle 
diameter of the catalyst determiend by microscopic obser- 
vation was about 40 jaa, and it had a specific surface 
area of 143 m 2 /g. Prepolymerization and vapor-phase 
polymerization of ethylene were carried out by the same 
operations as in Example 6. There was obtained 128.2 g 
of a polymer having an MFR of 1.6 dg/min. and an apparent 
bulk density of 0.46 g/ml. The amount of a fine powdery 
polymer having a particle diameter of less than 105 ^m 
was 0.1 % by weight based on the total amount of the 
polymerization product. The Rw/Rn determined by GPC 
measurement was 2.6. 
Example 8 

A solid catalyst was prepared in the same way 
as in Example 7 except that 2 liters of spherical poly- 
styrene particles having a particle diameter of about 
30^ (#200 to #400, a product of Eastman Kodak Co.) was 
used instead of the polethylene carrier. Preliminary 
polymerization and vapor-phase polymer izaton of ethylene 
were carried out as in Example 7. The resulting solid 
catalyst had an average particle diameter of 35^m and a 
specific surface area of 143 m 2 /g. As a result, there 
was obtained 110.6 g of a polymer having an MFR of 3.6 
dg/min. and an apparent bulk density of 0.44 g/ml. The 
amount of a fine powdery polymer having a particle diame- 
ter of less than 105^tm was 0.2 % by weight based on the 
total amount of the polymerization product. 
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Example 9 

Preparation of a solid catalyst component 
(zirconium catalyst) 

5.2 g of calcined silica obtained by calcining 

5 silica (average particle diameter 70 specific surface 

area 260 m 2 /g, pore volume 1.65 cm 3 /g) at 700 °C for 5 

hours, 26 ml of a toluene solution (Al 1 mole/liter) of 

diethylaluminum monochloride and 50 ml of toluene were 

introduced into a 200 ml flask fully purged with nitrogen, 

1Q and heated at 80 °C for 2 hours. The reaction mixture 
was then subjected to solid-liquid separation by filt- 
ration to obtain a catalyst component. The catalyst 
component was transferred into 50 ml of toluene, and 
43 ml of a toluene solution (Zr 0.04 mole/liter) of 

15 bis (cyclopentadienyl) zirconium chloride as another cata- 
lyst component was added, and the mixture was heated at 
80 °C for 1 hour. The reaction mixture was subjected 
to solid-liquid separation by filtration to obtain a 
solid catalyst component (A') having 0.012 mg-atom and 

2Q 1.12 mg-atom of Al supported per gram of silica. The 
solid catalyst component (A*) in an amount of 0.015 
mg-atom, as Zr, was added to 4.9 ml of a toluene solution 
(Al 1.03 moles/liter) of aluminoxane as catalyst com- 
ponent (B) and 20 ml of toluene, and the mixture was 

25 stirred at room temperature for 30 minutes. Then, the 
toluene was removed from the mixture by an evaporator to 
give a solid catalyst component containing 0.08 % by 
weight of Zr and 10 % by weight of Al. 
Polymerization 

30 250 g of sodium chloride (special reagent 

grade, Wako Pure Chemical Co., Ltd.) was introduced into 
a 2-liter stainless steel autoclave fully purged with 
nitrogen, and dried at 90 °C for 1 hour under reduced 
presure. Thereafter, the inside of the autoclave was 

35 purged with ethylene, and the temperature was'adjusted to 
75 °C. Subsequ ntly, all the catalyst prepared as 
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above was introduced. Ethylene was introduced, and under 
a total pressure of 8 kg/cra 2 -G, its polymerization was 
started. Thereafter, only ethylene was supplied, and the 
polymerization was carried out at 80 °C for 1 hour^ 
while the total pressure was maintained at 8 kg/cm -G. 
After the polymerization, sodium chloride was removd by 
washing with water. The remaining polymer was washed 
with bexane, and dried overnight at 80 °C under reduced 
pressure. There was obtained 72 g of a polymer having an 
MFR of 0.07 g/10 roin., an Hw/Hn of 2.64 and a bulk 
density of 0.36 g/cm 3 . No adhesion of the polymer to 
the wall of the autoclave was observed. 
Example 10 

Preparation of a solid catalyst component 
(zirconium catalyst) . 

5.8 g of calcined alumina obtained by calcining 

alumina (average particle diameter 60u,m, specific sur- 

o 3 ^ 

face area 270 m 2 /g, pore volume 1.05 cm /g) at 500 C 

for 5 hours, 17 ml of a toluene solution (Al 1 mole/ 
liter) of dimethylalurainum monochloride and 50 ml of 
toluene were added to a 200 ml flask purged fully with 
nitrogen, and the mixture was heated at 80 °C for 2 
hours. The reaction mixture was then subjected to solid- 
liquid separation by filtration. The solid portion was 
transferred into 50 ml of toluene, and 32 ml of a toluene 
solution (Zr 0.036 mole/liter) of bis(cyclopentadienyl) - 
zirconium chloride was added. The mixture was heated at 
80 °C for 1 hour. The reaction mixture was subjected 
to solid-liquid separation by filtration to obtain a 
solid component containing 0.25 % by weight of Zr. This 
solid component was reacted with aluminoxane in the same 
way as in Example 9 to give a solid catalyst component 
containing 0.16 % by weight of Zr. 
Polymerization 

The same polymerization as in Example 9 was 
carried out using 0.015 mg-atom, as Zr atom, of the above 
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solid catalyst. There was obtained 42 g of a polymer 
having an HFR of 0.09 g/10 min., an Hw/fin of 2.77 and 
a bulk density of 0.35 g/cro . No adhesion of the 
polymer to the wall of the autoclave was observed. 
5 Example 11 

Preparation of a solid catalyst component 
(zirconium catalyst) 

2.3 g of calcined silica obtained by calcining 
silica (average particle diameter 70 ^m, specific surface 

10 area 260 m /g, pore volume 1.65 cnr/g) at 300 C 

for 4 hours, 15 ml of a toluene solution (Al 1 mole/ 
liter) of dimethylaluminum monochloride and 50 ml of 
toluene were introduced into a 200 ml flask purged with 
nitrogen, and heated at 80 °C for 2 hours. The re- 

15 action mixture was subjected to solid-liquid separation 
by filtration. The solid portion was transferred into 
50 ml of toluene, and 6.4 ml of a toluene solution (Zr 
0.01 mole/liter) of bis (cyclopentadienyl) zirconium 
chloride was added. The mixture was stirred at room 

20 temperature for 2 hours. Then, 31 ml of a toluene solu- 
tion (Al 1.03 mole/liter) of the aluminoxane synthesized 
in Example 9 was added, and the mixture was stirred at 
room temperature for 30 minutes. The reaction mixture 
was worked up as in Example 9 to give a solid titanium 

25 component containing 0.14 % by weight of Zr and 22 % by 
weight of Al. 

Polymerization 

The same polymerization as in Example 9 was 
carried out using 0.015 mg-atom, as Zr, of the above 

30 solid catalyst. There was obtained 70 g of a polymer 
having an MFR of 0.12 g/10 min., an Mw/Hn of 2.67, and 
a bulk density of 0.38 g/cm 3 # No adhesion of the 
polymer to the wall of the autoclave was noted. 
Comparative Example 3 

35 Catalyst preparation and polymerization were 

carried out in the same way as in Example 9 except that 
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silica was not treated with dimethylaluminum mono- 
chloride. There was obtained 21 g of a polymer having an 
MFR of 0.02 g/10 min. , an fiw/Mn of 2.89 and a bulk 
density of 0.15 g/cm . 

The solid catalyst component used in the poly- 
merization contained 0.35 % by weight of Zr and 35 % by 
weight of Al. 
Example 12 

Preparation of a solid catalyst component 
( z i rconium catalyst ) 

Example 9 was repeated except that 6 millimoles 
of triethyl aluminum instead of dimethyl aluminum mono- 
chloride was added to 1 g of silica calcined at 800 °C 
for 12 hours and reacted at 50 °C for 2 hours, and that 
0.042 millimole of biscyclopentadienyl zirconium di- 
chloride per gram of silica was added and reacted at room 
temperature for 2 hours. There was obtained a solid 
catalyst component having 6.7 x 10~ 3 milligram-atom of 
zirconium supported per gram of silica. 

Polymerization 

Polymerization was carried out in the same way 
as in Example 9 except that 15 milligram-atom, as alumi- 
num atom, of alurainoxane, and 0.015 milligram-atom, as 
zirconium atom, of the solid catalyst component prepared 
above were introduced, and furthermore, 50 ml of hydrogen 
was added. There was obtained 69 g of a polymer having 
an MFR of 24 g/10 min. , an Rw/Mn of 2.70 and a bulk 
density of 0.31 g/cm 3 . 

Adhesion of the polymer to the autoclave wall 
was hardly observed. 
Example 13 

Preparation of a solid catalyst component 
(Zr catalyst) 

Example 12 was repeated except that diethyl 
aluminum monochloride was used instead of triethyl alumi- 
num. A solid catalyst component having 5.7 x 10~ 3 
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milligram-atom of zirconium supported on it per gram of 
silica was obtained. 

Polymerization 

Polymerization was carried out as in Example 12 
5 to give 71 g of a polymer having an MFR of 9.5 g/10 min., 
an flw/Mn of 2.59 and a bulk density of 0.34 g/cm 3 . 
Adhesion of the polymer to the autoclave wall was hardly 
observed. 
Example 14 
10 Polymerization 

Example 9 was repeated except that 10 ml of 
hexene-1 was added/ and the polymerization was carried 
out at 70 °C for 0.5 hour. There was obtained 42 g of 
a polymer having an HRP of 2.05 g/10 min. , an Hw/Mn of 
15 2.84, a bulk density of 0.31 g/cm 3 , a density of 

0.926 g/cm 3 and a weight fraction of a decane-soluble 
portion of 0.15 % by weight. 

Adhesion of the polymer to the autoclave wall 
was hardly observed. 
20 Example 15 

Preparation of a so lid catalvst component fAl 
In a 400 ml glass flask equipped with a stirrer 
and fully purged with nitrogen, a mixed suspension com- 
posed of 3 g of silica (#952 made by Davison Co.) 

25 calcined for 12 hours at 300 °C and 50 ml of trichloro- 
silane was reacted at 50 °C for 2 hours with stirring. 
After the reaction, the liquid portion was removed from 
the reaction mixture by using a filter, and the remaining 
solid portion was suspended in 50 ml of toluene. To the 

30 suspension was added 300 ml of toluene containing 15 
millimoles of bis (cyclopentadienyl) zirconium dichloride 
at 25 °c. The mixture was reacted at 50 °C for 2 
hours with stirring. After the reaction, the liquid 
portion was removed from the suspension by using a 

35 filter. The remaining solid p rtion was wash d twice 
with toluene to give a solid catalyst component (A) . / 
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The amount of zirconium supported on the catalyst com- 
ponent (A) was 1.4 % -by weight. 
Polymerization 

Sodium chloride (250 g) as a dispersant was 
5 added to a 2-liter autoclave fully purged with nitrogen. 
While the autoclave was heated to 90 °C, the inside of 
the autoclave was subjected to a pressure reduction 
treatment for 2 hours using a vacuum pump so that the 
inside pressure of the autoclave became 50 mmHg or below. 

10 The temperature of the autoclave was then lowered to 
75 °C, and the inside of the autoclave was replaced by 
ethylene. Then, 0.13 millimole of aluminoxane was added, 
and the mixture was stirred for 2 minutes at a rotating 
speed of 50 rpm. Thereafter, 0.87 millimole of 

15 aluminoxane and 0.015 millimole, as zirconium atom, of 
the solid catalyst component were added, and the auto- 
clave was sealed up. Hydrogen (20 Nml) was added and the 
autoclave was pressurized with ethylene so that the 
pressure of the inside of the autoclave reached 8 

20 kg/cm 2 -G. The stirring speed was increased to 300 rpm, 
and the polymerization was carried out at 80 °C for 1 
hour. 

After the polymerization, all the polymer and 
sodium chloride in the autoclave were taken out and put 
in about 1 liter of water. The mixture was stirred for 
about 5 minutes to dissolve almost all sodium chloride in 
water. As a result, only the polymer came afloat on the 
water surface. The floating polymer was recovered, fully 
washed with methanol, and dried overnight at 80 °C 
30 under reduced pressure. The amount of the polymer yielded 
was 48.3 g, and the polymer had an HFR of 13 and an 
apparent bulk density of 0.42 g/ml. A fine powdery 
polymer having a size of not more than 105 micrometers 
and a coarse polymer having a size of at least 1120 
35 micrometers were not observed. The polymer had an 
Mw/Mn of 2.7. 


25 


0279863 


- 45 - 

Examples 16 to 19 

Ethylene was polymerized in the same way as in 
Example 15 except that each of the silane compounds 
indicated in Table 1 was used instead of the trichloro- 
5 silane used in preparing the solid catalyst component in 
Example 15. The results are shown in Table 1. 
Example 20 

A solid catalyst component was prepared, and 
ethylene was polymerized, as in Example 15 except that 
10 the amount of trichlorosilane used to treat silica was 
changed from 50 ml to 10 ml in the preparation of the 
solid catalyst component in Example 15. The results are 
shown in Table 2. 
Example 21 

15 . A solid catalyst component was prepared, and 

ethylene was polymerized, as in Example 20 except that 
the amount of bis (cyclopentadienyl) zirconium dichloride 
used in the preparation of the solid catalyst component 
in Example 20 was changed from 15 millimoles to 3 milli- 

20 moles, and the amount of toluene at this time was changed 
from 300 ml to 60 ml. The results are shown in Table 2, 
Example 22 

Ethylene was polymerized as in Example 15 
except that chlorinated alurainoxane was used instead of 
25 the aluminoxane used at the time of polymerization in 
Example 15. The results are shown in Table 2. The 
chlorinated aluminoxane was prepared by the following 
method. 

Aluminoxane-III 

30 This compound was synthesized as in the synthe- 

sis of aluminoxane-I except that in the synthesis of 
aluminoxane-I, the amount of trimethyl aluminum was 
changed from 50 ml to 24.7 ml and 25.3 ml of dimethyl 
aluminum chloride was simultaneously added dropwise. 

35 The aluminoxane had an average degree of polymerization 
of 12. 
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Example 23 

Polymerization was carried out in the same way 
as in Example 15 except that in Example 15, a gaseous 
mixture of butene-1 and ethylene containing 9.5 mole % 
of butene-1 was used instead of ethylene alone, ^and the 
polymerization temperature was changed from 80 °C to 
70 °C. The results are shown in Table 3. 
Comparative Example 4 

An MgCl 2 -supported Ti catalyst component 
prepared in accordance with the method of Example 1 of 
Japanese Laid-Open Patent Publication No. 811/1981 was 
used. Polymerization was carried out in the same way as 
in Example 15 except that aluminoxane described under the 
heading Polymerization in Example 15 was replaced by 
triethyl aluminum, and the same gaseous mixture of 
butene-1 and ethylene containing 9.5 mole % of butene-1 
as used in Example 23 was used, and the polymerization 
temperature was changed from 80 °C to 70 °C. The 
results are shown in Table 3. 
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Example 24 

Synthesis of aluminoxane 
Aluminoxane-I:- 

A1 2 <S0 4 ) 3 .14H 2 0 (37 g> and 125 ml of toluene 
were put in a 400 ml glass flask equipped with a stirrer 
and purged fully with nitrogen, and cooled to 0 °C. 
Then, 125 ml of toluene containing 50 ml of trimethyl 
aluminum was added dropwise over 1 hour* The mixture was 
heated to 40 °C over 2 hours and the reaction was 
continued at this temperature for 10 hours. After the 
reaction r the reaction mixture was subjected to solid- 
liquid separation by filtration. Low-boiling materials 
were removed from the separated liquid by means of an 
evaporator. Toluene was added to the remaining viscous 
liquid and the toluene solution was collected. The 
resulting aluminoxane had a molecular weight, determined 
from its freezing point depression in benzene, of 885 and 
an average degree of polymerization of 15. 
Aluminoxane-II 

The synthesis of aluminoxane-I was repeated 
except that the reaction time at 40 °C was changed from 
10 hours to 2 hours. The resulting aluminoxane had a 
degree of polymerization of 6. 

Preparation of a solid catalyst component 
(Zr catalyst) 

In a 400 ml glass flask equipped with a stirrer 
and purged fully with nitrogen, a solution of 2 milli- 
moles of aluminoxane (I) in 50 ml of toluene was added at 
room temperature to a suspension composed of 5 g of 
0 silica (#952 produced by Davison Co.) calcined at 800 °C 
for 12 hours and 100 ml of toluene. The mixture was 
heated to 50 °C and reacted at 50 °C for 2 hours. 
After the reaction, the liquid portion was removed from 
the reaction mixture by using a filter. The remaining 
5 solid portion was suspended in 100 ml of toluene. To the 
suspension was added 9.4 ml of toluene containing 0.38 


0279863 


- 51 - 

millimole of bis (cyclopentadienyl) zirconium dichloride at 
25 °C, and the mixture was reacted at 25 °C for 2 hours. 
After the reaction, the liquid portion was removed from 
the suspension by using a filter. The remaining solid 
5 portion was washed twice with toluene to give a solid 
catalyst component. The catalyst component bad 0.6 % by 
weight of zirconium supported on it. 
Polymerization 

Sodium chloride (250 g) as a dispersing agent 

10 was added to a 2-liter autoclave purged fully with 

nitrogen, and while the autoclave was heated at 90 °C, 
it was subjected to a pressure reduction treatment for 2 
hours by means of a vacuum pump so that the inside pres- 
sure of the autoclave became 50 mmHg or below. The 

15 temperature of the autocalve was then lowered to 75 °C, 
and the inside of the autoclave was replaced by ethylene. 
0.13 millimole of aluminoxane (aluminoxane-II) was then 
added, and the mixture was stirred at a speed of 50 rpm 
for 2 minutes. Thereafter, 0.87 millimole of aluminoxane 

20 (aluminoxane-I) and 0.015 millimole, as zirconium atom, 
of the solid catalyst component were added. The auto- 
clave was sealed up. Hydrogen (20 Nml) was added and the 
inside of the autoclave was pressurized with ethylene so 
that the inside pressure became 8 kg/cm 2 -G. The stirring 

25 speed was increased to 300 rpm, and the polymerization 
was carried out at 80 °C for 1 hour. 

After the polymerization, all the polymer and 
sodium chloride in the autoclave were taken out, and put 
in about 1 liter of water. The mixture was stirred for 

30 about 5 minutes to dissolve almost all the sodium 
chloride. Only the polymer came afloat on the water 
surface. The floating polymer was recovered, washed 
fully with methanol, and dried overnight at 80 °C und r 
reduced pressure. The amount of the polymer yielded was 

35 82.1 g- The polymer had an MFR of 7.9 and an apparent 
bulk density of 0.43 g/ml. The amount of a fine powdery 
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polymer having a size of not more than 105 micrometers 
was 0.1 % by weight of the entire polymerization product. 
A coarse polymer having a size of at least 1120 microme- 
ters was not observed. The Hw/Mn of the polymer was 2.7. 
The results are shown in Table 4. 
Example 25 

A solid catalyst component was prepared , and 
ethylene was polymerized, in the same way as in Example 
24 except that in the preparation of the solid catalyst 
component in Example 24 , the amount of aluminoxane used 
to treat silica was changed from 2 millimoles to 10 
millimoles. The results are shown in Table 4. 
Examples 26 and 27 

A solid catalyst component (A) was prepared, 
and ethylene was polymerized, in the same way as in 
Example 24 except that in the preparation of the solid 
catalyst component in Example 24, the temperature at 
which the reaction of supporting cyclopentadienyl 
zirconium dichloride was carried out in the preparation 
of the solid catalyst component in Example 24 was changed 
to 50 and 80 °C respectively from 25 °C. The results are 
shown in Table 4 . 
Example 28 

A solid catalyst component was prepared, and 
ethylene was polymerized, in the same way as in Example 
24 except that in the preparation of the solid catalyst 
component in Example 24, aluminoxane-II was used instead 
of the aluminoxane-I. The results are shown in Table 4. 
Example 29 

0 Ethylene was polymerized in the same way as in 

Example 24 except that aluminoxane-II was used instead of 
the aluminoxane-I at the time of polymerization in Ex- 
ample 24. The results are shown in Table 4. 
Example 30 

Polymerization was carried out in the same way 
as in Example 24 except that a gaseous mixture of butene-1 
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and ethylene containing 9.5 mole % of butene-1 was used 
instead of ethylene, and the polymerization temperature 
was changed from 80 °C to 70 °C. The results are 
shown in Table 5. 
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Example 31 

Synthesis of aluminoxane 

Halogenated aluminoxane-I 

This compound was synthesized by the same 
5 method as in the synthesis of aluminoxane-I except that 
in the synthesis of aluminoxane-I , 46 ml of dimethyl 
aluminum chloride was used instead of 50 ml of trimethyl 
aluminum. The resulting halogenated aluminoxane had an 
average degree of polymerization of 11. 
10 Halogenated aluminoxane-II:- 

This compound was synthesized in the same way 

as in the synthesis of aluminoxane-I except that in the 

synthesis of aluminoxane-I , the amount of trimethyl 

aluminum added was changed from 50 ml to 24.7 ml and 25.3 

15 ml of dimethyl aluminum chloride was added dropwise at 

the same time. This halogenated aluminoxane had a degree 

of polymerization of 12. 

Preparation of a solid catalyst component 
^ (Zr catalyst) 

20 In a 400 ml glass flask equipped with a stirrer 

and purged fully with nitrogen, 50 ml of toluene solution 
containing 2 millimoles of halogenated aluminoxane-I was 
added to a suspension composed of 5 g of silica (#952 
produced by Davison Co.) calcined at 800 °C for 12 

25 hours and 100 ml of toluene. The mixture was heated to 
50 °C and reacted at 50 °C for 2 hours. After the 
reaction, the liquid portion was removed from the re- 
action mixture by using a filter. The remaining solid 
portion was suspended in 100 ml of toluene. To the 

30 suspension was added 9.4 ml of toluene containing 0.38 
millimole of bis (cyclopentadienyl) zirconium dichloride at 
25 °c, and the reaction was carried out at 25 °C for 
2 hours. After the reaction, the liquid portion was 
removed from the suspension by using a filter. The 

35 remaining solid portion was washed twice with toluene t 
give a solid catalyst component having 0.7 % by w ight of 
zirconium supported on it. 
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Polymerization 

Sodium chloride (250 g) as a dispersing agent 
was added to a 2-liter autoclave purged fully with 
nitrogen f and while the autoclave was heated at 90 °c, 
5 it was subjected to a pressure reduction treatment for 2 
hours by means of a vacuum pump so that the inside pres- 
sure of the autoclave became 50 mmHg or below. The 
temperature of the autoclave was then lowered to 75 °C r 
and the inside of the autoclave was replaced by ethylene. 

10 0.13 millimole of aluminoxane (aluminoxane-I) was then 
added, and the mixture was stirred at a speed of 50 rpm 
for 2 minutes. Thereafter, 0.87 millimole of aluminoxane 
(aluminoxane-I) and 0.015 millimole, as zirconium atom, 
of the solid catalyst component were added. The auto- 

15 clave was sealed up. Hydrogen (20 Nml) was added and the 
inside of the autoclave was pressurized with ethylene so 
that the inside pressure became 8 kg/cm 2 -G. The 6tirring 
speed was increased to 300 rpm, and the polymerization 
was carried out at 80 °C for 1 hour. 

20 After the polymerization, all the polymer and 

sodium chloride in the autoclave were taken out, iind put 
in about 1 liter of water. The mixture was stirred for 
about 5 minutes to dissolve almost ail the sodium 
chloride. Only the polymer came afloat on the water 

25 surface. The floating polymer was recovered, washed 

fully with methanol, and dried overnight at 80 °C under 
reduced pressure. The amount of the polymer yielded was 
93.1 g. The polymer had an HFR of 11.3 and an apparent 
bulk density of 0.43 g/ml. The amount of a fine powdery 

30 polymer having a size of not more than 105 micrometers 
was 0.1 % by weight of the entire polymerization product. 
A coarse polymer having a size of at least 1120 microme- 
ters was not observed. The Hw/Mn of the polymer was 2.9. 
The results are shown in Table 6. 

35 Example 32 

A solid catalyst component was prepared, and 
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ethylene was polymerized, in the same way as in Example 
31 except that in the preparation of the solid catalyst 
component in Example 31, the amount of the halogenated 
aluminoxane-I used to treat silica was changed from 2 
5 millimoles to 10 millimoles. The results are shown in 
Table 6. " 
Example 33 

A solid catalyst component (A) was prepared, 
and ethylene was polymerized, in the same way as in 

10 Example 31 except that in the preparation of the solid 
catalyst component in Example 31, the temperature 
employed in the supporting reaction of bisCcyclopenta- 
dienyl) zirconium dichloride was changed to 50 °C from 
25 °C. The solid catalyst component contained 0.7 % by 

15 weight of Zr supported on it. The results are shown in 
Table 6. 
Example 34 

A catalyst component was prepared, and ethylene 
was polymerized, in the same way as in Example 31 except 

20 that in the preparation of the solid catalyst component 
in Example 31, the amount of bis(cyclopentadienyl)- 
zirconiura dichloride was changed from 0.38 millimole to 
0.75 millimole, and the amount of the toluene solution of 
the above zirconium compound was changed from 9.4 ml to 

25 18.8 ml. The amount of Zr supported on the solid cata- 
lyst component was 1.2 % by weight. The results are 
shown in Table 6. 
Example 35 

A solid catalyst component was prepared, and 
30 ethylene was polymerized, in the same way as in Example 
31 except that in the preparation of the solid catalyst 
component in Example 31, halogenated aluminoxane-I I was 
used instead of the halogenated aluminoxane-I. The 
results are shown in Table 6. 
35 Example 36 

Ethylene was polymerized in the same way as in 
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Example 31 except that halogenated alurainoxane-Il was 
used instead of the aluminoxane-I at the time of polymer- 
ization. The results are shown in Table 6. 
Example 37 

5 Polymerization was carried out in the same way 

as in Example 31 except that a gaseous mixture of 
1-butene and ethylene having a butene-1 content of 9.5 
mole % was used instead of ethylene alone, and the 
polymerization temperature was changed from 80 °c to 
20 70 °C. The results are shown in Table 7. 
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SCOPE OF CLAIM FOR PATENT 

1. A catalsyt for polymerization of alpha-olef ins, 
said catalyst being formed by using a solid catalyst 
comprising 

(A) a solid catalyst component composed of a 
compound of a transition metal of Group 
IVB of the periodic table supported on a 
carrier, and 

(B) an aluminoxane, 

in pre-polymerization of an olefin* 

2. The catalyst of claim 1 wherein the transition 
metal is titanium, zirconium or hafnium. 

3 . The catalyst of claim 1 wherein the transition 
metal compound is represented by the following formula 
(I) 

(I) 

k ** m n 

l 2 3 

wherein R represents a cycloalkadienyl group, R , R and 

R 4 are identical or different and each represents a 

cycloalkadienyl group, an aryl group, an alkyl group, a 

cycloalkyl group, an aralkyl group, a halogen atom, a 

hydrogen atom, or a group of the formula -OR a , -SR* 3 or 

-NR^ in which each of R a , R b and R c represents an alkyl 

group, a cycloalkyl group, an aryl group, an aralkyl 

group or an organic silyl group, Me represents zirconium, 

titanium or hafnium, k is 1, 2, 3 or 4, j£, m and n are 

each 0, 1, 2 or 3, and k-bd+m+n=4 . 

4 . The catalystof claim 1 wherein the aluminoxane 
is represented by the following formula (II) 

\ /* 

AlfO-Al*— fO-Al*r-OAl ... (II) 

/ ' 1 \ 

R R X R 
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wherein R is a hydrocarbon group, X is a 
halogen atom, and a and b, independently from 
each other, are numbers of 0 to 80 provided 
that a and i> are not zero simultaneously, or 
the following ionmla (III) 


-fO-Al+r— K>-Al*r-» ... (in) 


wherein X, a and b are as defined with 
regard to formula (II) . 

5. The catalyst of claim 1 wherein the carrier is 
treated with an organometallic compound before the tran- 
sition metal compound Is supported on it. 

6. The catalyst of claim 1 wherein the organo- 
metallic compound is an organoaluminum compound, an 
organoboron compound, an organomagnesium compound, an 
organozinc compound or an organolithium compound. 

7. The catalyst of claim 1 wherein the carrier is 
a porous inorganic oxide* 

8« A catalyst for polymerization of alpha-olef ins, 

said catalyst comprising 

(A) a solid catalyst component obtained by 
supporting a compound of a transition metal 
of Group IVB of the periodic table on a 
porous inorganic oxide treated with a com- 
pound selected from the group consisting 

of organometallic compounds, halogen- 
containing silicon compounds and 
alnminoxanes , a nd 

(B) -an aluminoxane. 

9. The catalyst of claim 8 wherein the compound 

for reacting the carrier is an organometallic c mpound, 
and the organometallic compound is an rganoalumiijiim 
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compound, an organoboron compound, an organomagnesium 
compound, an organozinc compound or an organolithium 
compound . 

10- The catalyst of claim 8 wherein the compound 

for treating the carrier is a halogen-containing silicon 
compound represented by the following formulas (IV) 

™&<°* 6 U-4-e <IV> 

5 6 

wherein Y is a chlorine or bromine atom, R and R r 
independently from each other, represent a hydrogen atom, 
an alkyl group having 1 to 12 carbon atoms, an aryl group, 
or a cycloalkyl group having 3 to 12 carbon atoms, d is a 
number of 1 to 4 , and e is a number of 0 to 4 with the 
proviso that the total of d and e is a number of 1 to 4 . 

11. The catalyst of claim 8 wherein the compound 
for treating the carrier is an alurainoxane of formula 
(II) or (III) given above. 

12. The catalyst of claim 8 wherein the transition 
metal of the compound to be supported on the carrier is 
titanium, zirconium or hafnium. 

13. The catalyst of claim 8 wherein the transition 
metal compound supported on the carrier is a compound of 
formula (I) given above. 

14. The catalyst of claim 8 wherein the aluminoxane 
(B) is represented by formula (II) or (III) given above. 
15 # a process for polymerizing an alpha-olef in, 
which comprises homopolymerizing or copolymerizing an 
alpha-olefin in the presence of the catalyst set forth in 
any of claims 1 to 14. 

16. The process of claim 15 wherein the alpha- 
olefin has 2 to 20 carbon atoms. 

17. The process of claim 15 wherein the alpha- 
olefin is a mixture of ethylene and an alpha-olefin 
having 3 to 20 carbon atoms. 
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